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Oil-bodies are distinct and varied structures found only in the 
Hepaticae and with particular frequency in the Jungermanniales. 
Untill relatively recently the oil-body has been virtually ignored by 
liverwort morphologists and taxonomists. 
This study includes descriptions and photomicrographs of the 
oil-bodies of 23 species and 14 genera in 9 familes of leafy liverworts 
of east-central Illinois. Diagnostic characteristics recorded for each 
species include the number of oil-bodies per cell, size range of the 
oil-bodies, color, shape, texture and arrangement of the oil-bodies 
within the cell. It was found that the familes Lepidoziaceae, 
Calypogeiaceae, Jungermanniaceae, Scapaniaceae, Porellaceae and Frullan� 
iaceae are composed of genera and species that show homogenous oil-
body characteristics. The Ptilidaceae contain two species with oil-bodies 
of different shapes, colors and numbers per cell. In the Harpanthaceae 
it was found that colors vary among the three species observed along 
with widely varying textures. Only one species from the Plagiochilaceae 
was studied. 
Because oil-bodies are easy to find in fresh material and contain 
several distinguishing characteristics, their morphological des-
criptions can aid taxonomists and phylogeneticists in the systematic 
arrangements of leafy liverworts and in the construction of keys for their 
identification. Descriptive and taxonomic works and morphological studies 
should include detailed oil-body descriptions. Oil-bodies are unique 
structures that cannot be ignored. 
ACKNOWLEDGMENTS 
I mus t exp ress  my g ratit ude to D r . Cha r l es B. Arzeni for i nit i al 
i nsp i rat i on and con t i nu i ng advice d uring my g radua t e  resea rch . I am 
a lso g ra teful to D r . John E .  Eb i nger and D r . Wesley C .  Wh i te s i de for 
ass i s t i ng w i t h  th i s  t hes i s  and for t he i r  va l uab l e  cr i t i c i sm of i t .  
Than ks a l so goes to D r . John M. Speer for h i s  adv i ce i n  p hotom i c ro­
g raph i c  tech n i ques and to M r . J .  D .  Ma r t i n  for s how i ng  me t he darkroom 
and t u rn i ng me l oose .  Spec i a l  thanks go to Ma rga ret M .  Rehagen for 
a l l he r  he l p  and f resh  i dea s when I had r un  out . 
Las t  of a l l I w i sh to t hank  my fell ow Botany g raduate  s t udent s  
for t he i r spec i a l  f r i endsh i p  wh i ch has made t he entire j ob a lot eas i e r .  
i i 
TABLE OF CONTENTS 
L I ST O F  PHOTOM I C ROGRAPHS • . . .  
PHY LOG ENET I C  L I ST OF L I V ERWORTS 
ALPHABET I CAL L I ST OF L I VERWORTS 
I NTRODUCT I ON . . • 
LITE RATURE REV I EW 
O I L- BODY MORPHO LOGY 
O I L- BODY O R I G I N  AN D D EVE LOPMENT 
OIL- BODY FUNCT I ON 
O I L- BODY CHEM I STRY . 
O I L-BODY D I STRIBUT I ON AND TAXONOM I C  S I GN I F I CANC E  . 
METHODS  . • . . . • . . • . 
DESCR I PT I ON O F  O I L- BO D I ES 
D I S CUSS I ON . .  
SUMMARY . . . 
L I TERATURE CITED 
i i i 
Page 
i v  
v i  
v i  i 
1 
3 
5 
9 
1 1  
1 3  
1 5  
1 7  
1 9  
lt9 
55 
57 
Photo 
1 . 
2 .  
3. 
4. 
s. 
6. 
1. 
8 . 
9 . 
1 0 .  
1 1 .  
1 2 .  
LIST OF PHOTOM I C ROGRAPHS  
B l epha ros toma tri chophy l l um ,  o i l -bod i es of l eaf  
l obe ce l l s  at  1 8oox 
. • . . . • • .  
T r i choco l ea tomente l l a ,  o i l -bod i es of c i l i a l ea f  
ce l l s  a t  720X 
. .
• .
.
• • • • . . •
• . . . • •  
T r i choco l ea tomen te l l a ,  o i l - bod i es of c i l i a l eaf  
ce 11 s at  1 Boox 
• • . • • • 
. . • . • . . • • 
Lep i doz i a  reptan s , o i l -bod i es of med i an l eaf  ce 11 s 
a t  1 8oox . 
. . . . 
. . . . . . . . . . . . . . 
Bazzan i a  t r i  l oba ta , o i l -bod i es of  med i an l eaf ce l l s  
a t  720X 
. . 
. . . . . . . . . . . . . . . . . . . 
Bazzan i a  t r i l obata , o i l - bod i es of  med i an l eaf ce l l s  
a t  1 8oox • • • . . . • . • • •  
Ca l ypoge i a  mue l l e r i ana , o i l - bod i es of med i a n  l ea f  
ce l l s  a t  720X 
. . . . . 
. . . . . . . 
. . . 
Ca l ypoge i a  mue l l e r i ana , o i l -bod i es of med i an l eaf  
ce 11 s at  1 800X . . . . . . . 
Ca l ypoge i a  f i ssa , o i l - bod i es  of med i an l eaf ce l l s  
at  1 8oox 
. . . . 
. . . . . . . . . . . . . . . 
Lophoco l ea hete rophy l l a ,  o i l -bod i es of median l eaf  
ce l l s  at  1 800X 
. . . . . . . . . . . . . . . . 
Lophoco l ea m i no r , o i l -bod i es of  med i an l ea f  ce l l s  
at  720X • . . . . . . • . . • . . • • 
. 
• • . . • 
Lophocolea m i no r , o i l - bod i es  of  med i an l ea f  ce l l s  
at  1 8oox 
• 
• 
• • 
. . . 
• • 
• 
. • • . 
13. Lophoco l ea b i den ta t a , o i l - bod i es of med i an lea f 
ce l l s  a t  1 800X 
. • . . • . • • •  
14. J unge rmanni a l anceo l a t a, o i l - bod i es of med i an l eaf 
ce l ls at 720X • . . . . 
. . • • . • 
i v  
Page 
20 
2 1  
22  
. 
2 3  
. 
24 
25 
. . . . 26 
. . . . 27 
. . . . 28 
. . . . 29 
30 
31 
32 
33 
Photo 
1 5 .  
1 6 .  
1 7 . 
1 8 .  
1 9 . 
20 . 
2 1 . 
22 . 
2 3 .  
24 . 
25 . 
26 . 
27 . 
28 . 
2 9. 
J unge rmann i a  l anceo l a ta , o i l -bod i es of med i an l ea f  
ee l l s  a t  1 8oox . . . . . . . . . . . . . . . . . . 
Jameson i e l l a  a ut umna l i s ,  o i l - bod i e s  of med i an l ea f  
ce 1 1  s a t  1 8oox . . . . . . . . . . . . . . . . . 
P l ectoco l ea c renu l ata ,  -o i l - bod i es of  med i an l ea f  
c;e 1 1  s a t  1 BOOX 
• 
• • • . • • . • • . • • • • • 
P l ectoco l ea c renu l i fo rm i s ,  o i l - bod i es of med i an 
l eaf  ce l l s  a t  1 8oox . . . . .  
P l ag i och i l a  a sp l en i o i des , o i l -bod i es of med i an 
l eaf  ce l l s  a t  1 8oox . . . . . . . . . . . .  . 
. 
D i p l op hyl l um ap i cu l a tum , o i l - bod i es of med i an l ea f  
ce l l s  a t  1 8oox . . . . . .  
S capan i a  nemo rosa , o i  1 - bod i es of med i an l ea f  c e  1 1  s 
a t  1 8oox . . . . . . . . . . . . . 
Scapan i a  cu rta , o i l - bod i es of  med i an l ea f  ce l l s  at  
1 8oox . . . . . . . . . . . . . . . . . 
. 
. 
. 
. 
Po re1 1 a  p l a typhy l l a ,  o i l - bod i es of med i an l eaf ce l l s  
a t  1 8oox . . . . . . . . . . . . . . . . 
Pere l l a  p l a typhy l l o i dea , o i l - bod i es of med i an l eaf  
ce l l s  at  720X . . . . . . . . . . . . . . . . . . . 
Pore l l a  p l a typhy l l o i dea , o i  1 - bod i es of med i an l eaf  
ce  1 1  s at  1 8oox . . . . . . . . . . . . . 
F ru l Jan i a  a sag rayana , o i l - bod i es of med i an l eaf  ce l l s  
a t  lBOOX (note pa racy s t s ) . . . . . . 
F ru l l an i a  i nf l a ta ,  o i  1 - bod i es of med i an l eaf  ce l l s  
a t  1 8oox . . . . . . . . . . . . . . . . . . . 
F ru l l an i a  r i pa r i a ,  o i l - bod i e s  of  med i an l eaf ce l l s  
at  1 8oox . . . . . . . . . . . . . . . 
F ru l l an i a  ebo racen s i s ,  o i  1 - bod i es of med i an l eaf  
ce  1 1  s a t  1 8oox . . . . . . . . . . . . . . . . . . . 
v 
Page 
. . . 
. . . 35 
36  
3 7  
38 
39 
. . . 40 
. . . 4 1  
. . . 42 
. . . 43 
44 
45 
. . . 46 
. . . 47 
. . . 48 
PHYLOGENET I C  L I ST OF L I VERWORTS 
Page 
Pt i l i d i aceae 
B J epha ros toma t r i chophy1 1 um ( L . )  Oum . 
Tr i cho l ea tomente l l a (Eh rh . ) Oum . 
' ' 
" . . . . 
20 
2 1  
Lep i doz i aceae 
Lep i doz i a  reptan s  (L.) bum . 
Bazza n i a  t r i l obata ( L . )  S .  G ray 
Ca l ypoge i aceae 
Ca l ypoge i a  mue l l e r i ana  ( Sch i ff n . )  K .  Mul l • . 
Ca 1 ypoge i a  f i ssa  (L . ) Radd i • . • .  
Ha rpanthaceae 
. 
. 
. . . 23 
24 
26 
. . . 28 
Lophoco1ea heterophy11a ( Sch rad . )  Oum . . • • • •  30 
3 1  
32 
Lophoco l ea m i nor  Nees • . • . . • • • •  
Lophoco l ea b i dentata  ( L . ) Oum • . . • • •  
-J ungermann  i aceae  
Jungermann i a  l anceo l a ta L • . . • • .  
Jameson i e l l a  autumna l i s  ( DC . )  S teph . 
P l ec toco l ea c renu l a ta ( Sm . )  Evans  . • • • .  
P l ectoco l ea c renu l i fo rm i s  (Aus t . )  M i t t .  
P l ag i och i l l aceae 
P l ag i och i l a  asp l en i o i des  (L. ) Oum • • •  
Scapa n i aceae 
D i p l ophyl l um apicu1a t um ( Evans ) S teph • .  
Scapa n i a  nemorosa  (L. ) Oum . 
Scapan i a  c u r ta (Mor t . )  Oum .  • • • . . 
Pore 1 l aceae 
Pore l la p l atyphy l l a  (L�) L i nd b . 
Pore l l a  p l atyphy l lo i dea ( L . ) L i ndb . 
F ru11an i aceae 
F ru l l an i a  a sag raya na Mon t  . .  
F ru l l a n i a  i nf l a ta Got t .  
F ru l l an i a  r ipar ia Hampe 
Fru11 a n i a  eborace ns i s  Got t . 
v i  
. • • . 33  
35 
36 
. . • • 37 
38 
39 
40 
4 1  
42 
43  
45 
46 
47 
48 
ALPHABETICAL LIST OF LIVERWORTS 
Bazzan i a  t r i l obata (L.) S .  G ray  
B l epha ros toma t r i chophyllum (L.) Dum . 
Ca l ypoge i a  f i ssa (L.) Radd i 
Calypoge i a mue l l er i ana (Sch i ffn .) K. Mull • •  
D i p l ophy l l um ap i cu l a t um ( Evans) S teph • • . • • • • • •  
Frul l an i a  asagrayana Mon t  • .  
Fru l l an i a  ebo racen s i s  Got t .  
Fru l l an i a  i nf l a ta Got t .  
Fru l l an i a  r i pa r i a  Hampe 
Jameson i e l l a  autumna l i s  {DC .) S teph • •  
Jungermann i a  l anceola ta {L.) 
Lep i doz i a  reptans (L.) Dum . 
Lophoco 1 ea b i  den ta  ta { L . )  Dum . . • • • • • • 
Lophocolea hete rophyl l a (Schrad . ) Dum • •  
Lophoco l ea m i nor  Nees • • • • • •  
P l ag i och i l a  asplen i o i des (L.) Dum . 
Plectocolea c renula ta ( Sm . ) Evans  
P l ectocolea c renuliform i s (Aus t .) Hitt . 
Pere l la p l a typhy l la (L .) L i ndb . 
Perel l a p l atyphyl l o i dea (L .) L i nd b . 
Scapania cur ta (Hor t . ) Oum . 
Scapa n i a  nemorosa (L.) Oum. 
Tr i cho l ea tomente l la (Eh r h .) Dum . 
v i  i 
Page 
24 
20 
28 
26 
39 
45 
48 
46 
4 7  
35 
33 
2 3  
. . . . 32 
29 
30 
38 
36 
37 
42  
43  
4 1  
40 
2 1  
l NTRODUCT ION 
For t he l over of a l l th i ng s  nat u ra l , no group of o rga n i sms i n  t he 
p l an t  k i ngdom i s  more un i que l y  beaut i fu l  and t ru l y  p l ea s i ng to observe 
tha n  that  g roup of p l an t s  known as the l ea fy l i ve rwo r t s .  I f  the carefu l 
and conse rva t i ve obse rver v i s i ted any of  severa l wooded area s , mo i s t  
rav ines o r  sand s tone outcropp i ng s  o f  eas t -cen t ral I l l i no i s , h e  or  s he 
could observe w ith  the hand l ens  the  exclt i ng va r i e ty i n  t he g racef u l  
l ines  o f  l ive rwo r t  g rowt h  forms . W it h  t he a i d  of  the d i s sec t i ng scope 
l eaf shapes , leaf  ma rg ins and b ranch i ng pa t t e rns  become more d is t i nct  
and  cons i derab l y  va r i ed .  Sma l l e r  s t ructures such as  fea thery b i f i d  under­
lobes , c i l ia ,  paracys ts , bu l g i ng sac- l i ke l obu l es a nd pe rianths  come 
in to focus . W it h  further  magn i f i ca t i on u nder  the compound m ic roscope 
even deeper sec ret s  a re revealed . Among these a re va r i a t i ons  i n  aero­
lat ion, ce l l wa l l t h i cken i ng s , t r i gones , and genvnae . 
Wit h i n  the ce l l  the mos t  ou t s tanding features  are  the o i l -bod i es .  
They v�ry i n  s i ze ,  form , co l or ,  markings and texture and hang p l ane t -
1 ike i n  t h e  cytop l asm . Dwa r f i ng t he ch l o rop l as t s  i n  mos t  cases , t he 
o i l - bod ies a r e  un i que s t ruc tu res that  a re found nowhere e l se i n  the p l an t  
k ingdom . 
Des p i te  t he cur i ou s  beauty a nd u n i q ue characte r i s t i cs of o i l -bod ies , 
they have been repeatedly i gnored i n  many desc ript i ve and i l l us t rat i ve 
taxonom i c  wor ks . It i s  the pur pose of t h i s s t udy to obse rve , desc r ibe 
and photog ra ph the o i l -bod ies of selected l eafy l i ve rworts  of eas t -cen t ra l  
I l l inois . 
2 
Before descriptions and .photographs can be adequately appreciated, 
however, a literature survey must be made and an understanding of general 
oil-body morphology, origin, development, function, chemistry, distri­
bution and taxonomic significance must be accomplished. 
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LITERATURE REV I EW 
The f i r s t  wr i t ten  account of o i l -bod i es was i n  1834 by I .  W. P .  
Huebener when he desc ribed them i n  Leptoscyph u s  taylo r i i .  Late r M .  
M i rbel ( 1 8 35 ) publ i shed a n  a r t i cle in France wh i ch desc r i bed t he o i l­
bodies o f  Ma rchan t i a  sp . a s  wh i te i r regula r  pa rt i cles in the t ha l l us 
of the plan t . C .  M .  Got tsche ( 1 943 )  men t ioned t he o i l -bod i es of  
Ha plomit r ium hooke ri i  i n  h i s  ana tom i cal a nd phy s i olog i cal  s tudy o f  
tha t s pec i es a nd was the  f i rs t  t o  name them Ze l lemblaeschem . Perhaps 
the f i r s t  c l as s i cal account o f  o i l- bod i es wa s in 1 874 by W.  Pfeffe r . 
He wa s one of  the  few ea r l y  i nves t i g a tors  to do c r i tical l i g h t  mic ro­
scope wor k  w i t h  the o i l - bod i es of l ive rwo r t s , and  he a lso gave them 
the name o i l - bod i es (olkorpe r) , p rese ntly the mos t  commonly u sed term . 
Many othe r pape r s  we re p rod uced i n  t he late n i neteenth  cen t u ry on th i s  
subj ec t  or  close l y  related subj ect s  by severa l a u t hors . Some of them 
are  G .  von Holle ( 1 857 ) , J .  H. Wakker (1888) , G .  H i e ronymus (1892), 
a nd von Kueste r ( 1 894). 
At the t u r n  of t he twentieth  century A .  J .  M .  Gargeanne ( 1903) 
publ i s hed "D i e  Olkorpe r d e r  Junge rmanniales , 11 the f i r s t  account of 
o i l -body morphology of t he Jungermann i a l e s .  Dur i ng t he s ame yea r a 
paper by C. E .  J .  Lohmann appeared on the chem i s t ry of l i verwo r t s  w i th  
pa rt i cular emphas i s  on o i l - bod i es .  These two men were fol l owed by 
severa l other inves t i g ators  such as Muelle r ( 1905) ,  M .  F .  Rivet t  (1909), 
A. Kozlowsk i ( 1 921 ), A. Meye r ( 1 920) , A. Gu i l le rmond ( 1 922), P. Domb ray 
(1926), E. Bergdolt ( 1 926) , P. Gavaudan  (1927) , W. Zw icke l (1932) , and 
4 
C .  Zirk l e  ( 1 932) . Fo l l owing- his fir s t  a r t ic l e  on oil -bodies in 1 905 , 
K .  Mue l l e r  p ub l i shed a more comprehens i ve a r t i c l e  "Unte rsuchagen Ube r 
d i e  O l korpe r de r Lebe rmoose" in 1 939 . I n  t his s tudy , which is now 
cons i de red t he c l as s i ca l  accoun t  on oi l -bodies , Mue l l e r t reated t heir 
phys i o l ogy , funct i on ,  or i gin , dis t ribution , taxonomy and chemis t ry .  
Hore recent  reseairchers  inch1ee B. S l avik ( 1 950) on s pec i f i c bodies 
of hepat i cs ,  K .  Yamanda ( 1 969 , 1 970) on the o i l - bodies of Hstaca l ypoge i a  
and F r u l l an i a ,  R. Uda r ( 1 970 , 1 97 1 ) who desc r i bed t he o i l - bod i es of 
I nd i an l i ve rwor t s , and C .  S ui re ( 1 970) who t reated t he i r  u l t ra s t r uc t u re .  
Pe rhaps  the bes t recen t desc riptive a n d  taxonomic s tud i es have been 
done by R. H. Schuste r and S .  Hat tor i .  Wo rk i ng togethe r  t hey p roduced 
in 1 954 a comp l e te , comprehens i ve and  we l l  i l l us t rated s t udy of oil ­
bod i es i n  t he comp l ex fam i l y  Lej euneaceae . Ea r l i e r i n  1 95 1  a nd 1 953  
Ha t to r i pub l i shed two a rtic l es on  o i l -bod i es of  Japanese hepa t i cs .  
Anothe r Japanese b ryo l ogist who was i nf l uenced by Ha t to r i , H. I noue 
( 1 967) , wrote a pape r on the o i l - bod i e s  of  Ma l ayan  l i ve rwo r t s . Th i s 
pape r conta i ns the on l y  l i ght  m i c roscope photog raphs of o i l - bodies pub­
l s i hed. R .  M .  Schus te r ( 1 966 , 1969 , 1 974 )  i n  h i s  t h ree vo l ume wor k  
T h e  Hepat i cae and An t hoce rotae of Nor t h  Amer i ca g i ves  t he o i l - bodies 
of Nor t h  Amer i can  l i ve rwo r t s  t he i r mos t comprehensive taxonom i c  t reat ­
men t . His i l l us t rations  a re unsu rpa ssed i n  t hei r deta i l and accu racy . 
K .  P i hakas k i  ( 1 966 , 1 967 , 1 972 )  made seve ra l s t ud i es of the o i l -
body u l t ra s t ruct u re u sing e l ec t ron m i c roscopy to u n rave l t he deta i l s  
of the i r  or i g i n  and  developmen t .  These works  inc l ude exce l l ent a nd 
i nfo rmat ive e l ec t ron photomic rographs of o i l - bodies of Bazzan i a  t r i l obata , 
Pel l i a  ep i phy l l a  and Lophozia vent r i cosa . 
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OIL-BODY MORPHOLOGY 
The o i l - bod i es of t he Junge rman n i a l es a re of very d i ve rse  form bu t 
a r e  a l ways eas i l y  recogn i za b l e  due to t he i r  refract i ve i ndex , wh i ch i s  
d i f fe rent f rom t ha t  of  the othe r  i n t race l l u l a r  bod i es .  O i l - bod i es a re 
l a i d  down i n  t he cytop l asm of even t he youngest  ce l l s and a re appa ren t l y  
su r rounded by and  sus pended f rom cytop l asm i c  s t rands . Mue l l e r ( 1 95 1 )  
obse rved t ha t  i n  young cel l s s ta i ned w i t h  d i ffuse aqueous pic r i c  ac i d  
and not yet con ta i n i ng ch l o rop l as t s , o i l - bod i es we re s hown to be a l ready 
s u r rounded by and suspended f rom cy top l asm i c  s t rands  ( Schus te r ,  1 966) . 
O i l - bod i es a re d i v i ded i n to two bas i c  type s  accord i ng to textu re . 
The f i rst  type ranges  f rom smooth  to very l i ght l y  to roug h l y  pap i l l ose 
o r  granu l a r  ( F i gu re 1 -a , b , c ) .  The second type l ooks very not i ceab l y  
segmen ted , made up of f rom two to many l a rge s egment s  per o i l -body 
( F i g u re 1 -d , e ) . The l a t te r  type has been referred to a s  t he bot ryo i da l  
or  "g rape-c l uster" t ype of o i l - body (Schuste r , 1 966 ) . Oce l l i  ( eyespots) 
a l so occ u r  on t he o i l -bod i es i n  some members  of t he J unge rman n i a l es 
(F i gu re 1 -b) . 
O i l - bod i es ,  for t he mos t pa r t , a re co l o rless  b ut somet i mes  appea r 
b rown to redd i sh and  even b r i ght  blue as  i n  the case of Lophoco l ea 
ech i ne l l us and  Lej eunea cyanopho ra ( Schus te r ,  1 966) . B r i gh t  b l ueness 
in  t he o i l - bodies of C a l ypoge i a  t r i choman i s  ha ve a l so been obse rved 
( Jones , 1 96 5 ) . 
U l t ras t ructure stud i es of t he oH--body have been conducted on a 
number of occas i on s  beg i nn i ng w i t h  Pfeffe r i n  1 874 , who s ta ted that he 
d 
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Fig. 1. Oil-body texture types. (a) smooth (with eyespots). 
(b) lightly papillose. (c) roughly papillose. (d) sparsely 
segmented. (e) many segmented. (All after Schuster) 
7 
obse rved a comp l ete or incomp l ete  i nner  membrane div i ding the o i l -bod i es 
into many parts . Von Hol l e  i n  1 85 7  and l ater  Mue l l er ( 1 905) , Schus ter 
(1966) and  Sm i th ( 1 966) con s i dered t h i s  membrane genu i ne ,  and Garjeanne 
i n  1903 p roposed t hat t he s t ruct u re of the membrane was v i s i ble tann i n ized 
protein . On t he same subj ect von Kuester  ( 1 894) a nd Lohmann  ( 1 903) 
con s ide red the o i l - body membrane as  not h ing more t han an  a rt i fact pro­
duced by f i xatives . These two men a l so t heor ized the pos s ib i l ity of 
the ex is tence of a s t roma between t he many o i l  g l obules t ha t  make u p  
one o i l -body . Bot h  men proved unsucces sfu l in f ix ing t he s t roma wh ich 
they be l i eved cons is ted of p rote in ( P i hakask i , 1 967) . 
These po i n t s  rema ined ques t ionab l e  unt i l re l ative l y recent l y  when 
Kaa r ina P iha ka s k i  ( 1 966 , 1 967 ,  1 972) conduc ted a se r ies of e l ect ron 
m ic roscop i c  s t ud ies of the  o i l -bod ies of Bazzan ia t r i l obata , Lophoz ia 
vent r icosa , and Pe l l i a ep iphy l l a .  These s tud i es show that  the o i l -body 
i s  su r rounded by a comp l ete  ou ter  doub l e  memb rane , and the o i l  g l obu l e  
or g l obu l es a re ,  i n  t u rn , s u r rounded by a thin ne r  inner membrane . These 
g l obu l es are  a l so sur rounded and sepa rated by a p rote inaceous  s t roma 
( P ihakask i ,  1 966 ,  1 967 ,  1 972) . 
The "g rape cluster" type of  o i l - body appears  segmented unde r the 
l i.ght m i croscope . Th i s  appearance i s  not due to a d i vided memb rane bu t 
to many o i l  g l obu l es  i ns ide a smoot h ,  nonsegmented membrane s u rrounded 
by a s t roma . The g ranu l ar o r  pap i llose type cons i st of many more sma1 1 e r  
g l obules con t a ined with in t he outer  memb rane ( F igure 2) . I t  s hou l d  be 
pointed out t hat P i hakask i ( 1 966 , 1 967 , 1 972) s t ud ied only fou r  spec ie s, 
p roduc ing some ev i dence t hat one of t he four, Pe l l ia ep iphy l l a ,  may not 
have an i nne r membrane . Th i s  sugge s t s  that  o i l -body morpho l ogy and 
u l t rast ruc tu re may vary with the spec i es .  
a 
_.......,�- oi 1 globule 
---inner membrane 
---stroma 
outer membrane 
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Fig. 2. Oiagramatic representation of oil-body ultrastructure. 
(a) smooth texture type. {b) segmented texture type. (c) pap� 
illose texture type. (a and b after Pihakaski) 
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OIL-BODY ORIGIN AND DEVELOPMENT 
As sta ted ea r l i e r o i l - bod i es a re l a i d  down i n  t he cytop l asm of 
even t he younges t ce l l s  and appa ren t l y  a re s u r rou nded by and  suspended 
f rom cytopla sm i c  s t rands . They were cons i de red  i n  t he ea r l y  days of 
resea rch by a n umbe r of observe rs  to have a v a r i et y  of o r i g i ns .  · Pfeffe r 
( 1 874} , Ga rj eanne ( 1 903} , Meye r ( 1 920} , Dombray ( 1 926} ,  a nd Z i rk l e  
( 1 932} a l l he l d  t he be l i ef tha t  o i l - bod i es o r i g i na ted f rom vacuo l es 
i n  t he cytop l a sm . On the othe r hand , Wakke r i n  1 888 and  Koz l owsk i i n  
1 92 1  fe l t  that  o i l - bod i es we re funct i ona l l y  and  s t ruc t u ra l l y  a l tered 
ch l o rop l as ts .  Bergdo l t  i n  1 926  s t a ted  t ha t  the o i l - bod i es o r i g i na ted 
f rom spec i a l  m i tochon d r i a  he ca l l ed chond r i osomen . I n  1 950 S l av i k  
p res umed t he i r o r i g i n  to be d i rec t l y  f rom t he cytop l asm ( P i ha kas k i , 
1 966 , 1 967} .  
The d i scus s i on o f  o i l - body o r i g i n  was c l a r i f i ed when Mue l l e r 
( 1 939} s umma r i zed ex i s t i ng s t udie s  and sugges ted t ha t  t he "cytop l asm i c 
o r i g i n theory" was the mos t  accepta b l e  ( Schuste r ,  1966} . 
W i th  the a i d  of t he e l ect ron m i c roscope P i hakask i (1967} conc l u­
s i vely d i sp roved t he "m i tochond r i a  and  ch l o rop l ast  or i g i n  t heor i es . " 
His reasoning was t ha t , f i rs t  of a l l, no i n te rmed i a te forms between 
o i l - bod i es and m i tochond r i a  or between o i l - bod i es a nd chlo rop l as t s  
have eve r been obse rved . Secon d l y ,  h i s  m i c rog raphs  revealed t hat  t he 
oute r memb rane of t he o i l - body i s  un l ike the dou b l e  memb rane of ch l o ro­
p l a s t s , m i tochondria o r  nuclei in that  o i l -body memb ranes a re much 
th i nner . Furthe rmore , no remnan t s  of g ranum or s t roma memb ra nes o r  
10 
starch g ra i ns .have eve r been seen i n  o i  1-bodies . Pihaka!:ki (1967) 
also fe l t  t hat  a vacuo l a r  o r i g i n  was un l i kely because o f  the memb rane 
d i f fe rence . I n  fact , t he membrane of t he o i l - body is l i ke no ot he r 
o rgane l l e  memb rane found i n  l i ve rwo r t s . 
Desp i te the memb rane d i f ferences , P i haka s k i  ( 1 967) fe l t  t ha t  f rom 
h i s  obse rva t i ons t he Go l g i  a ppa ratus , t he endop l asm i c  ret i cu l um ,  or  
t he g roundp l asm may take pa r t  i n  t he forma tion of t he memb ranes of  
o i l - bod i es . The actua l ma t e r i a l  t ha t  makes u p  the  oi l g l obu l e  i s  p rob­
ab l y  sec reted by t he endop l asm i c  ret i cu l um and/o r  the Go l g i  appa ra tus  
at  a ve ry ea r l y  s tage . These  o i l g l obu l es may unde rgo some d i v i s i on 
by con s t r i ct i on ,  and t he cy top l asm a rou n d  t hem may d i fferen t i a t e  i nto 
the f i ne l y  g ranu l a r  s t roma of the o i l - body . At  the same t i me a doub l e  
memb rane fo rms a round t he e nt i re comp l ex ( P i ha kas k i ,  1 966 ) . 
P i haka s k i po i n ted out i n  1 967 i n  a fo l l ow-up e l ec t ron m i c roscop i c  
st udy of Bazzan i a  t r i l obata  and  Lophoz i a  vent r i cosa ev i dence that i nd i ­
cated these two l i ve rwo r t s  have d i fferen t o i l -body or i g i n s .  He s tates  
that i n  Bazzan i a  t r i l obata t he vacuo l es found between dense.bod i es i n  
the  young ap i ca l  l eaves p l ay an  i mpor t a n t  role i n  o i l - body deve l opmen t .  
He obse rved that l i ght  co l ored s p he ru l es a re fo rmed w i t h i n  t he vacuoles 
wh i ch l at e r  coa l esce and fo rm l a rge r bod i es t hat  a re enc l osed  by a t h i n  
memb rane . On the ot he r hand, P i haka s k i ( 1 967 ) repo rted that  Lophoz i a  
ven t r i cosa has an  i mpo rtan t  s tage of o i l -body deve l opment  r e l ated  to 
t he format i on of cohe ren t g roups of  da rk co l o red l i p i d sphe ru l es .  I n  
1 967 P i hakaski resta tes t he d i ffe rences i n  the o i l - bod i es of t hese  two 
spec i es and  makes the s ugges t i on that  i t  i s  ve ry poss i b l e t hat  d i ffe ren t 
cond i t i ons may a l te r  t he o r i g i n  and deve l opment of the o i l- body , whet he r  
they be o f  vacuo l e ,  endoplasmic reticulum, or  Go l g i  appa rat u s  o r i gin . 
11 
O I L-BODY FUNCTION 
The p roposed  func t i on s  of  the o i l - body a re vague and  n umerou s . 
S ta h l  ( 1 888) be l i eved that  o i l -bod i es may be a repe l l en t  to sna i l s .  
Th i s  seems un l i ke l y  s i nce Rebou l i a  i s  f requen t l y  eaten by l ep i dopte rous 
l a rvae . On t he ot he r  hand , mos t  l i ve rwo r t s  gene ra l l y  s uffe r l i t t l e  
f rom i n sect a t tacks , and  t he c red i t m i ght  be g i ven to t he o i l -bod i es .  
Howeve r ,  t h i s  i mmun i ty to i nsect a t tack  i s  a l so found among b ryophytes 
wh i ch l ack  o i l - bodies; e . g . , An t hocerotae and t he Musc i .  Due to t he 
rela t i ve l y  o l d  age of th i s g roup of  p l a nts i t  i s  not d i ff i cu l t to  
i mag i ne that  th i s  cou l d  have been the  o r i g i na l  f unct i on of o i l - bod i es ,  
i f  not s t i l l  t he func t i on i n  some s pec i es today ( Schuste r ,  1 966) . 
Pfeffe r ( 1 874) and  von Kueste r ( 1 894) obse rved o i l - bod i es i n  t he 
ce l l s  of ha i rs and a l so i n  s i tes whe re no ch l o rop l a s t s  have  eve r ex i s ted , 
thus  assum i n g  they cou l d  not be p roducts  of a s s i m i la t i on. Zw i cke l 
( 1 932) a l so observed oi l -bod i es i n  sporophyte s  and the refore a s s umed 
they cou l d  not be food rese rves ( P i haka sk i , 1967 ) . 
In 1 892 H i eronymus p ropose d  that o i l - bod i e s  se rve a s  p rotection 
aga i n s t  excessive l i gh t . Th i s  seems u n l i ke l y  due to t he fact  t hat  
many l i ve rworts  l ac k i ng o i l - bodies g row i n  d i rect and  s t rong s un l i ght .  
O the r s  fe l t  t ha t  they may have a ro l e  i n  p rotect i on aga i ns t  des i cca­
t i on , but there a re examp l es of xe r i c  l i ve rwo r t s  ( R i cc i a, An the l ia )  
wh i ch l ack o i l- bod i es wh i l e t hey  a re p resent  i n  some aquat i c  s pec i es .  
The fact t hat  arct i c  species may l ack o-i l -bod i es a l so tends to i nva l i ­
date ano t he r  t heory t hat  oil-bod i es se rve as  some p rotect i on f rom t he 
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co l d .  I f  i ndeed they are  funct i ona l  i n  p rotect i on f rom l ow tempera­
tu res  i t  would seem that t rop i ca l  s pec i es wou l d  e i the r  l ack o i l -bod i es 
or  t hey wou l d  have a h i g her po i nt of so l i d i f i cat i on. Us i ng t h i s  same 
rea son i ng ,  a rct i c  ·spec i es wou l d  be expected to not on l y  have o i l -bod i es ,  
but  t hey wou l d  a l so have a l owe r so l i d i fying po i nt .  W i th t h i s  i n  m i nd , ·  
Mue l l e r's ( 1 939) l i s t i ngs of l i ve rwo r t s  w i th reference to t he i r o i l ­
bod i es i s  notewo rthy : of forty- th ree t rop i ca l  o r  s ub t rop i ca l  s pec i es , 
seven teen l ac ked oi l -bod i es and  of one hund red and f i f teen s pec i es f rom 
no rthe rn c l i ma tes , on l y  n i ne l ac ked o i l - bod i es .  I n  add i t i on to t h i s 
is t he fact  t hat annua l o r  b i enn i a l  l i verworts  such  a s  An t hoce ros , 
R icc i a ,  a nd Sphae roca rpus  i n  gene ra l l ack  o i l -bod i es and pe renn i a l s  
genera l l y have o i l -bod i es .  Th is ind i cates t hat  t he i r p re s ence may have 
some connect i on to ove rw i n te r i ng (Schus ter , 1 966) . 
Mue l l e r  (1939) fe l t that  no phys i o l og i ca l  function cou l d  be  g i ve n  
t o  t he o i 1 - body , ·a 1 thoug h  i t  may have h a d  one i n  t h e  pas t  wh i ch can 
no l onge r  be recogn i zed . I t  seems t hat o i l - bod i es a re l ack i ng i n  
phy l ogenet i ca l l y  o l d  gerrera such a s  Anthoce ros , Sphae roca rpus  and B l a s i a .  
Mue l l e r ' s  t heory rema i ns pu re l y  s pecu l a t i ve today . 
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OI L-BODY CHEMI STRY 
I t  has been genera l l y  be l i eved fo r as  l ong as o i l - bod i es have  
been obse rved that  t hey conta i n  neu t ra l  fa ts , fa t ty ac i ds and e t he rea l 
o i l s .  Among t he i nves t i gators  who he l d  th i s  v i ew a re Pfeffer ( 1 874) , 
R i ve t t  ( 1 9 1 8 ) , Mue l l e r  ( 1 905) , Gu i l l e rmond  ( 1 922) , Lohma n n  ( 1 903) , 
and Zw i cke l ( 1 932 ) ( P i hakas k i ,  1 967 ) . Lohmann i n  1 903 be l i eved t hat , 
to a g rea t exten t ,  t he vo l at i l e ,  e t he rea l o i l and fat con tent  of t he 
p l an t  was not re l a ted to t he o i l - bod i es ( Schuste r ,  1 966) . 
Mue l l e r  ( 1 939 , 1 905) fe l t  s t rong l y  t hat  o i l - bod i es cons i s t of  a 
numbe r of d i ve rse types of ethe rea l o i l s .  These  o i l s  we re  sa i d  to be 
compos ed of terpenes and te rpene a l coho l s .  
Elect ron m i c roscop i c  s t udy has revea l ed ev i dence t hat  p rote i ns 
a re p resen t i n  t he o i l - bod i es of Pe l l i a ep i phy l l a and Bazza n i a  t r i l o­
bata . E l ec t ron m i c roscop i c  wor k  shows that p rote i ns are  p resent  i n  
the s t roma , but  not i n  t he g l obu l es embedded i n  t he s t roma . The g l ob­
u l es appea r to  cons i s t of unsa t u ra ted neut ral l i p i ds wh i ch ma ke up t he 
bu l k  of s ta i nab l e  l i pids i n  t he ce l l  ( P i haka s k i ,  1 972) . This type of 
wo rk i s  usefu l , but  due to t he fact t ha t  a l i m i ted  number of  l i ve rwo r t s  
have been exam i ned th i s  way, n o  genera l conc l us i on s  rega r d i ng the spec i fic 
makeup of ot her l i ve rwo r t s  can be made . 
As men t i oned ea r l i e r  Mue l l e r ( 1 939) fe l t  t ha t  o i l - bod i es cons i s t 
of a g reat n umber of d i ve rse types of e t he rea l o i l s .  He a l so d i d con­
s i derab l e  work w i t h  t he opt i cal p ropert i es, s pec i f i c  g rav i ty ,  and 
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sapon i f i ca t i on va l ues of these i nd i v i dua l o i l s .  I t  i s  easy to under­
stand why many today ag ree w i th Mue l l e r  i n  h i s  v i ew that d i ffe ren t  
spec i es con t a i n  d i fferent  o i l s .  W i t h  th i s  i n  mind i t  i s  also easi l y 
pos tu l ated.t hat each of  t hese o i l s  has d i s t i nct i ve p rope r t i es t ha t  
g i ves  ea ch s pec i es a d i s t i nct i ve odo r .  Mue l l e r ( 1 939) be l i eved that 
o i l - body odo rs we re good c l ass i f i ca t i on c r i te r i a .  Geoca l yx has a 
terpen t i ne odo r and Conocepha l um has a mus h room sme l l .  Lepto l ejeuneae 
sme l l s  s i m i l a r  to l i cor i ce and Moerck i a  pos sesses  a un i que l y ,  ha r s h  
unp l easant  odo r . R i e l l a  sme l l s  o f  a n i se ,  So l enos toma l i ke ca r rot s , 
Lophoz i a  of ceda r o i l and  Lophoco l ea has an i nd i s t i nct i ve "mos sy" 
sme l l a s  do many othe r s pec i es (Schus ter , 1 966) . 
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DI STR I BUT I ON AND TAXONOM I C  S I GNI F I CANC E 
Oil-bodies are found only in the Hepaticae and exist no where 
else in the plant kingdom. They are absent in the Anthocerotales, 
are found within the Marchantiales but are most common and widespread 
in the Jungermanniales. 
Mueller ( 1 939 )  describes a vast number of different types of 
oil-bodies stating that the form, number and size of the oil-bodies 
are characteristic for each species. Schuster ( 1 966 ) , on the other 
hand, feels that Mueller has overrated their taxonomic value and names 
only two types: 
1 )  Those occurring throughout the Jungermanniae as 
small to large bodies, usually two to many per cell 
(but occasionally only one per cell) and usually not 
restricted to special cells; such oil-bodies occur 
in cells that are usually not modified and almost 
alway$ include chloroplasts. 
2) Those occurring as large spherical bodies formed 
from numerous minute spherules, one per cell, vir­
tually filling the lumen of the cell, in cells that 
are usually differentiated in size (often much 
smaller) from the surrounding cells; furthermore, 
except in the isolated genus Monoclea, these cells 
are few and scattered and never bear chloroplasts. 
This type occurs throughout the Marchantiae. 
The group of liverworts described in number one and two above are then 
again subdivided into many groups by Schuster due to the fact that there 
is a great deal of variation from one species to another and from one 
genus to another. This variation occurs in the number per cell, size, 
form, and apparent segmentation. 
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In gene ra l , t he greatest use of o i l - bod i es i s  as  s upplemen ta ry 
c r i te r i a  for sepa rat i ng ser i es . Howeve r ,  th i s  va l ue va r i es f rom one 
l i verwor t  g roup to t he next . Schuster  and Hat tor i (1954) use o i l ­
bod i es for sepa rat i ng s pec i es i n  C he i l o l ej euna a nd use t hem as  c r i te r i a  
fo r pos tu l at i ng a c l ose phy l ogenet i c  connect i on w i t h othe r l i ve rwor ts . 
I n  othe r cases o i l -body mor pho l ogy i s  a l most use l ess  taxonom i ca l l y .  
Oce l l i  (eyespot s ) on t he o i l - bod i es seems to be a va l uab l e  too l i n  
the sepa ra t i on of spec i es i n  the F ru l l an i aceae (Schus te r ,  1 966) . 
METHODS 
The l i ve rwo r t s  u sed for descr i pt i ons  and  i l l u s t ra t i ons  were 
co l l ected i n  eas t -cent ra l I l l i no i s ,  e�pec i a l l y  i n  Co l es and C l a r k  
Count i es .  Ident i f icat ions we re accomp l i shed w it h  the he l p  of Dr . 
Char l e s  B .  Arzen i and  pub l i cat i on s  l i sted i n the L i terat u re C i ted 
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by Arzen i ( 1 947 ) ,  Cona rd ( 1 956 ) , Evans  ( 1 897) , Schus t e r  ( 1 966 , 1 969 , 
1 974 ) , F rye and  C l a rk  ( 1 937-47 ) ,  a nd Wa tson ( 1 968) . Due to t he some­
wha t vo l a t i l e  characte r ist i cs of  the o i l -bod i es of l eafy l i ve rwor t s , 
obs e rvat ion s and photog raphs  had to be made a s  soon a s  pos s i b l e  before 
hea t and d ry i ng ou t a l te red the i r  cha racte r i s t i c  appearances . I t  wa s 
found t hat  t he o i l -bod i es cou l d  be s to red w i t hout change for  rea son­
ab l e  per iod s of t ime if the p l an t s  we re packed l oose l y  and kep t  l i g h t l y  
mois tened a t  35- 38°F but neve r be l ow f reez ing . The col l ec t i on s  have 
s ince been p l aced i n  packe t s  a nd depos i ted i n  t he B ryophyte He rba r i um 
of Eastern  I l l i no i s  U n i ve r s i ty .  
Obse rvat ion s  were taken on l y  of  o i l - bod ie s in t he ce l l s of vege­
tat i ve s t ructu res of the  game tpphyte . U n l e s s  otherw i se i nd i cated , des­
c r ip t i ons and  photom i crog raphs  a pp l y  on l y  to  the  o i l -bod i es of med i an 
l eaf ce l l s  and  ou te r s tem ce l l s .  
Observat ions wer� made of the o i l -bod ies of f resh  non - a l t e red 
mate r ia l  w i t h t he a i d  of a N i kon compound m i c roscope mode l S- Ke I I  
w i t h  a bu i l t - in Loeh l e r  i l l um i nat ing system . Measureme n t s  we re taken 
w it h  a ca l ibrated ocu l ar m ic rome te r . Photom i c rog raphs  of t he o i l - bod i es 
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were taken w i th  t he N i kon Automat i c  M i c rofl ex Mode l AFM automa t i c  
photom i c rog raph i c  a t tachmen t .  Most  p hotom i c rog raphs , un l ess  ot he r­
w i se i nd i ca ted , we re taken w i t h  the o i l - i mme rs i on l en s  a t  a magn i f i ­
ca t i on of l OOOX . The l OOOX i mage i s  reduced by t he N i kon a t tachment 
by pas s i ng i t  t h rough a !X l ens  to p rope r l y  focus the i mage on the 
p l ane of t he f i l m . The p r i n t s  con ta i ned i n  the body of t h i s paper 
we re made f rom co l or t ranspa renc i es ,  t he i r en l a rgements  appear i ng 
w i t h  each p r i n t .  The f i l m  used was Kodak  H i gh S peed Tung s t un Ekta­
ch rome ASA-125 . 
DESCRIPTIONS OF OIL-BODIES 
The o i l - bod i es of 23 spec i es of l eafy l i verworts rep resen t i ng 
fou rteen gene ra i n  e i ght  fam i l i es a re desc r i bed . Each desc r i pt i on 
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inc l udes a measu rement and  a gene ra l  desc r i pt i on of the ce l l s  found 
i n  the med i an sect ion of a typ i ca l  l eaf . Th i s  i s  foll owed by the 
desc r i pt i on of the o i l - bod i es con ta i ned i n  t hese  ce l l s .  
S i x  bas i c  cha racte r i s t i cs a re inc l uded i n  each desc r i pt i on of 
t he o i l -bod i e s . F i r s t  i s  t he range i n  n umber s  of o i l - bod i es pe r ce l l ;  
e.g., 6-8  pe r ce l l .  Secon d l y  i s  the range i n  s i ze of  the o i l - bod i es; 
e . g . , 2 . 5- 3  X 4 . 5- 5u up  to 3-4 X 6-8�. The next two cha rac te r i s t i cs 
desc r i bed a re co l o r  fo l l owed by s ha pe of t he o i l - bod i es .  The f i ft h  
cha racte r i s t ic dea l s  w i t h  text u res wh i ch a re bas i ca l l y  smooth , pap i l -
l ose o r  segmen ted . Pap i l l ose o i l - bod i es can range f rom l i g h t l y  o r  
f i ne l y  pap i l l ose o r  g ran u l a r  t o  roug h l y  o r  coarse l y  pap i l l ose  o r  
granu l a r . Segmented o i l - bod i es may be few to many segmented  and may 
have 1 - 3 rows of segmentat i on .  The l as t  cha racte r i st i c  i s  t he gene ral 
a r rangemen t of the o i l - bod i es w i th i n the ce l l l umen . These s i x  cha r -
acterist i c s a re then fol l owed by a gene ra l comment o n  the d i f fe rences 
of the o i l -bod i es of t he oute r ce l l s  of t he s tem as  compa red  to the 
o i l -bod i es of t he med i an l eaf ce l l s .  
Each desc r i pt i on i s  a ccompan i ed by a t  l east  one enlarged photo-
m i c rog raph of med i an l ea f  ce l l s  con t a i ning o i l -bod i e s .  Un l es s  othe r -
w i se i nd i ca ted , each photom i c rog raph was taken  a t  lOOOX magn i f i ca t i on 
and exh ib i t s an enla rg ement of 1 800X . 
Blepharostoma trichophyllum (L.) Oum. 
Cells of leaf lobes 15-20 X 35-45µ, cylind rical and linear. 
Oil-bodies of leaf lobe cells 2-6 per cell ( rarely as high as 
2 5 ) , f rom lu spheres up to 3-4 segmented bodies measuring 2-2.5 X 
3-3.5µ, colorless, spherical to ovoid, lightly papillose to sometimes 
3-4 segmented, very inconspicuous and minute, rand omly arranged within 
the cell lumen. 
Oil-bodies of the outer stem cells, in general, larger and fewer 
per cell, usually 2 ,  3 or 4 segments per oil-body. 
Photo 1. Blepharostoma trichophyllum, oil-bodies 
of leaf lobe cells at 1 800X . 
Trichocolea tomentella ( Ehrh. ) Oum. 
2 1  
Cilia leaf cells ranging f rom 20-27 X 75-85� at the base of the 
cilia and 1 0  X 50u at the tips, cy lind rical and linear. 
Oil-bod ies of cilia leaf cells 4-8 per cell ( as high as 1 0) ,  from 
2-3  X 2-3µ up to 3-4 X 6µ , shiny , smooth to lightly papillose, spherical 
to ovoid , very homogenous, tend ing to be f ound aggregating at the ends 
of cells. 
Oil-bod ies of the outer stem cells and basal leaf cells ovoid to 
sausage shaped or ellipsoidal, variable in size, 2 . 5- 3  X 4-6 . 5µ ( at 
times as high as 4-6 X 10µ) . 
Photo 2 . . Trichocolea tomentella, oil-bodies 
of cilia leaf cells at 720X . 
Photo 3 .  T r i choco l ea tomen te l l a� o i l - bod i es 
of c i l i a l eaf ce l ls a t  1 800X . 
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Lep i doz i a  reptans (L.) Dum. 
Med ian leaf cells 20-30� ,  squa re to hexagona l ,  with t r i gones 
not always obvious. 
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Oil-bod ies of med i an l eaf  cells 1 0- 1 5  pe r cell ( some t i mes  a s  
many as 25  or as few as 7) , from 3 . 5-4  X 5� u p_!2_6-7 X 1 0- 1 1 � ,  pa le 
grey to colorless, ranging from globular to egg shaped , smooth to 
2-3  unequally segmented or as if with smaTl  b u l ges , largely filling 
the cell lumen, rand omly arranged, somet i mes as many a s  1 2- 1 5  d i fferent ­
shaped oil-bod ies in a s i ng l e  cell. 
O i l - bod i es of the outer stem cells rare and usually lacking. 
Photo 4. L epid oz i a  reptans , o i l - bod i es 
of med i an l eaf  ce l l s  at  1 800X . 
Bazzan i a  t r i loba ta ( L . ) S. G ray 
Med i a n l eaf  ce l l s  f rom 20 -25 X 25-30 u, somewha t i r regula r i n  
shape and s i ze ,  w i t h  mode ra te l y  bu l g i ng t r i gones . 
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O i l - bod i es of med i an l eaf ce l l s  3-8 pe r  cell , f rom 3-4  X 3-4u 
up to 4 X 5-6�, s h iny and  co l o r l ess , s phe r i ca l  to  egg sha ped , smooth  
o r  weak l y  to  d i st inct l y  unequa l l y segmen ted (segments somet i me s  appea r i ng 
bud- l ike ) , l a rge l y  f il l i ng the ce l l l umen , random l y  a r ranged . 
O i l - bod i es of  the oute r  s tem ce l l s  more o r  l ess t he same a s  t he 
o i l - bod i es of the med i an l ea f  ce l l s  i n  s i ze , s hape , co l or ,  text u re ,  
and  n umber pe r ce l l .  
Photo 5. Bazzan i a  t r i l oba ta , o i l - bod i es 
of med i an l ea f  ce l ls a t  720 X. 
Photo 6 .  Bazzan i a  t rilobata, o il-bod i es 
of med i an lea f  cells at 1800X. 
Calypogeia muelleriana (Schiffn;) K .  MUll. 
Med ian leaf cells more or less isod iametric, 35-40 µ, trigones 
lacking . 
. Oil-bod ies of med ian leaf cells 6-13 per cell, from 2. 5-3 X 5µ 
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up to 2-5 X 1 h.1, colorless, very obviously s_egmented in most cases, 
sometimes appearing slightly papillose to smooth, 3-5 segments per 
oil-bod y in the smaller ones, as high as 8-15 in the larger ones, each 
segment 1. 5-2. 5µ in d iameter, rand omly arranged within the cell lumen, 
somewhat tending to group close to the cell wall. 
Oil-bodies of the outer stem cells fewer in number, 1-3 per cell, 
but the same as the oil-bod ies of med ian leaf cells in size, shape, 
color and texture. 
Photo]. Calypogeia muelleriana, oil-bod ies 
of med ian leaf cells at 720 X. 
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Photo 8. Ca l ypoge i a  mue l l e r i an a , o i l-bod i es 
of med i an l ea f  ce l l s  at  1 800X.  
Ca!ypoge i a  ! i ssa (L.) Radd i 
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Median lea f ce l l s  30-40 X 5 0 :-6�, i sod i amet r i c  w i t h  sma l l t r i gones . 
O i  1- bod i es of _ med i an l eaf  ce l l s 4-8 pe r ce l 1 ,  f rom 2. 5-3 X 4µ 
up to 3-4 X 7-9� ,  co l or l es s ,  segmentat i ons not we l l def i ned , segments 
of o i l - bod i es 4-12, 2. 5-3JJ i n  d i amete r and  somet i mes a r ranged i n  two 
rows , random l y  a r ranged w i th i n  the ce l l l umen . 
O i l - bod i es of t he oute r s tem ce l l s  very  s i m i l a r  to t he o i l - bod i es 
of t he med i an l eaf  ce l l s i n  s i ze ,  co l o r , sha pe , text u re a n d  n umbe r per  
ce 11. 
Photo 9 .  Ca l ypoge i a  f i ssa , o i l - bod i es of 
med i an l eaf ce l l s  at 180 0 X. 
Lophoco l ea heterophyl l a (Schrad . ) Dum . 
Med i an l eaf  ce l l s  1 5-20 X 1 5-30µ, somewha t  i sod i amet r i c  w i t h 
sma l l ,  i nconsp i cuous t r i gones . 
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O i l - bod i es of med i an l eaf ce l l s  4-7  pe r ce l l ,  f rom 2 . 5-3  X 2 . 5-3µ 
up  to 3 . 5-4  X 7-8� ,  co l o r l ess , ovo i d to sausage shaped to i r regu l a r l y  
s haped , s t rong l y  pap i l l ose o r  granu l a r ,  random l y  a r ranged w i t h i n the 
ce l l l umen . 
O i l - bod i es of the out e r  stem ce l l s  s i m i l a r  to the o i l - bod i es of 
med i an l eaf  ce l l s i n  s i ze ,  co l or ,  shape , and texture but fewe r pe r 
ce l l ( 3-4 ) . 
Photo 1 0 .  Lophoco l ea he te rophy l l a ,  o i l - bod i es 
of med i an l eaf ce l ls at  1 800X . 
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lophoco l ea-- m i nor Nees 
Med i an l ea f  ce l l s  25- 30µ ,  somewha t i r regu l ar l y  s haped w i t h  sma l l 
t r i gones . 
O i l -bod i es of med i an l eaf ce l l s  6- 1 0  per cel l (as  h i g h a s  1 4- 1 7 
i n  some cases ) , f rom 3-4 X 4µ up  to 3-4 X 8µ, red-b rown , sphe r i ca l  to 
ovo i d , smooth  to f i ne l y  pap i l l ose or g ra n u l a r ,  l a rge l y  f i l l i n g the ce l l 
l umen , g roup i ng c l ose to the ce l l  wa l l .  
O i l - bod i es of t he oute r s tem ce l l s  s i m i l a r  to the o i l - bod i es of 
t he med i an l ea f  ce l l s  i n  s i ze ,  s hape , co l or ,  tex t u re and numbe r pe r 
ce l l .  
Photo 1 1 .  Lophoco l ea m i no r , o i l - bod i es of 
med i a n  l ea f  ce l l s  a t  720X . 
Photo 1 2 .  Lophoco l ea m i no r ,  o i l- bod i es 
med i an lea f  ce l l s at  1 800X . 
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LOJ)hoco l ea b i dentata  (L . ) Oum 
Med i an l eaf  ce l l s  12-17 X 30-37�, somewha t hexagona l to  i r reg­
u l a r l y  s ha ped w i t h  sma l l t r igones . 
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O i l - bod ies of med i an l ea f  ce l l s  10-18 pe r ce l l ( ra re l y  a s  few as  
four ve ry l a rge , sausage s haped o i l - bod i es pe r ce l l ) , f rom 3-3. 5µ s pheres 
up to 4. 5-5 X 10u , b rown , s phe r i ca l  to ovo i d  to  sausage s ha ped , pap i l ­
l ose or granul a r ,  l a rge l y  f i l l i ng the ce l l l umen , random l y  a r ranged , 
somet i mes tend i ng to group c l ose to  the ce l l wa l l .  
O i l - bod i es of the  out e r  s tem ce l l s  s i m i l a r  to the o i l - bod i es of 
t he med ian l ea f  ce l l s  i n  s ize , s hape , co l o r  and texture , b u t  u s ua l l y  
fewe r pe r ce l l .  
Photo 13. Lophoco l ea b iden t a t a , o i l -bod i e s 
of med i an l eaf  ce l l s a t  1800X. 
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Junge rmannia lanceolat a  L. 
Med i an l ea f  ce l l s  25- 30 X 30- 35�. i r regu l a r l y  shaped , many-s i ded 
to round , t r i gones d i st i nc t . 
O i l- bod i es of med i an l ea f  ce l l s  5- 1 0  pe r ce l l (as h i gh a s  15) , 
f rom 5.5-6 x 5.5-6µ up  to s.s-6 x 1 0- 1 1 �. l i gh t  brown , sphe r i ca l  to 
ovo i d ,  g ranu l a r or pap i l l ose , c l ose l y  g roup i ng to the ce l l  wa l l .  
O i l - bod i es of t he oute r stem ce l l s  s i m i l a r  to the o i l -bod i es of  
the  med i an l eaf  ce l l s  i n  size , shape , co l or ,  textu re a nd numb e r  per 
ce l l .  
Photo 1 4 .  Junge rma nn i a  l anceo l ata , o i l-bod i es 
of med i an l eaf  ce l l s  at 720X. 
Photo 1 5 .  Junge rmann i a  l anceo l a ta , o i l- bod i es 
o medtan 1 ea f ce_Lls a: t8oox_. 
Jameson i el l a  autumna l i s  (DC.) S teph . 
Med i an l eaf cells 25-30 X 35-40� , somewha t  i r regula r ly s haped 
w ith  small  t r igone s .  
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O i l - bod i es of med i an l ea f  ce l l s  8- 1 8  pe r cell , f rom 2 . 5 -4 X 5-&l 
up to 6 . 5- 7  X 9- 1 1µ ,  co l o r l ess , s pher i cal to ma i nly ovo i d ,  l i gh t ly 
pap i llose , mos t l y  f i l l ing and  randomly a r ranged w i th in the  c e l l lumen . 
O i l -bod ies of t he oute r s tem ce l l s  s im i la r  to the o i l - bod i es of 
the med ia n  l eaf ce l l s  in s ize , shape , colo r  and texture , but va ry f rom 
1 0- 1 2 pe r ce l l depend ing on t he ce l l s i ze .  
Photo 16. Jameson i e l la a u tumna l i s ,  oi l -bod ies 
of median l ea f  cel l s a t  1800X. 
P l ectoco l ea c renu l a t a  ( Sm . ) Evans 
Median teat ce l l s  20-25 X 25-35u, somewha t i r regu l a r l y  shaped 
w i t h  sma l l t r i gones . 
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O i l - bod i es of med i an ce l l s 2-6 per ce l l ,  f rom 3.5-4 X 4µ up to 
5.5-6 X 1 0u ,  co l or l ess , sphe r i ca l  to ovo i d ,  f i ne l y  pap i l l ose o r  g ra n­
u l a r ,  l a rge l y  f i l l i ng a nd random l y  a r ranged in the ce l l  l umen. 
O i l - bod i es of the oute r stem ce l l s s i m i l ar to the o i l - bod i es of 
. t he'med i a n  l eaf ce l l s  i n  s i ze ,  co l o r , shape , texture and numb e r  per  
ce l l .  
Photo 1 7 .  Plec toco l ea c renu l ata , o i l-bod i e  
of med i an l eaf  ce l l s  a t  1800X . 
P l ectoco l ea c renu l iform i s (Aus t . ) H i t t .  
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Med i an l eaf  ce l l s  25-28µ , many-s i ded to i r regu l a r l y  s haped with  
d is t inct  t r igones . 
O i l - bod ies of med ian l eaf  ce l l s  2-8 per ce l l ,  f rom 6-8 X 6-9J,J 
up to 8-9 X 1 6-20µ ( in genera l t he l a rge r the o i l - bod ies t he fewe r 
pe r ce l l  and  v ice-ve rsa ) , co l or l ess , s phe r ica l t o  e l l ipso i da l , f ine l y  
pa p i l l ose , l a rge l y  f i l l ing and  ran dom l y a r ra nged w ith in the ce l l l umen . 
O i l -bod ies of the oute r s tem ce l l s  absen t . 
Photo 18 . P l ectoco l ea c renu l iform i s ,  o i l - bod ies 
of med i an l ea f  c e l l s  at  1800X . 
P l ag i oc� i l a asp l en i o i des (L.) Oum . 
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Med i a n  l eaf ce l l s  25-30 X 30- 32.u , somewhat  round to i r regu l a r l y  
shaped w i th  we l l -def i ned t r i gones . 
O i l - bod i es of med i an l eaf ce l l s 4-6 pe r ce l l ,  f rom 4-5" sphe res 
up to 4 . 5-5  X 8-8 . 5.u ,  co l o r l e ss , spher i ca l  to ovo i d ·, pap i 1 l ose o r  
g ranu l ar ,  very  cons i s tent  t h roughout eve ry ce l l ,  randoml y a r ranged 
w i th i n  t he ce l l  l umen . 
O i l - bod i es of  t he oute r stem ce l l s  t he same as  the o i l - bod i e s  
o f  the  med i a n  l eaf ce l l s w i th  t he except i on t ha t  the g reat maj or i ty 
a re 4 X 4.u sphe res , and the re tend to be mo re per  ce l l  ( 5- 1 0 ) . 
Photo 1 9 .  P l ag i och i l a  asp l en i o i des , o i l -bod i es 
of med i an l eaf ce l l s  a t  1 800X . 
D i pl ophyl l um ap i cu l atum (Evans ) St eph. 
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Med i an l eaf ce l l s  8- 1 0  X 1 2 -20� to 1 2 - 1 4u and i sod i amet r i c  w i t h  
mode rate t r i gones . 
O i l - bod i es of med i an l eaf  ce l l s  8- 1 0  pe r  ce l l ,  f rom 3 - 4  X 3-4).J 
up  to  3-4 X 6-7µ , co l o r l es s , ovo i d  to s l i ght l y  i r regu l a r , rang i ng 
f rom coa rse l y  pap i l l ose to s l i ght l y  segmented , random l y  a r ranged 
w i th i n  the ce l l l umen .  
O i l - bod i es of the oute r stem ce l l s  t he s ame as the o i l - bod i es 
of t he med i an l ea f  ce l l s  except fewe r pe r ce l l  ( 1 -3 or  l ac k i ng ) . 
Photo 20 . D i pl op hy l l um a p i cu l at um ,  o i l - bod i es 
of med i an l eaf  ce l l s  a t  1 800X . 
Scapan i a  nemorosa (L . ) Oum . 
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Med i an l eaf  ce l l s  20-30µ , somewhat i r regu l a r l y  s haped w i t h  t r i ­
gones . 
O i l - bod i es of med i an l eaf  ce l l s  3-6 pe r ce l l (a s  h i gh a s  9- 1 1  
depend i ng on hab i ta t  va r i a t i on ) , f rom 3 . 5-4  X 3 . 5 -4� up to 6- 7 X 1 0- 1 2µ ,  
l i g h t  b rown , ovo i d  to egg s haped , ve ry pap i l l os e , l a rge l y  f i l l i ng the 
ce l l l umen , a r ranged c l ose to t he ce l l  wa l l .  
O i l - bod i es i n  the oute r s tem ce l l s  s i m i l a r to the o i l - bod i es of 
the med i an l ea f  ce l l s  i n  s i ze ,  shape , co l o r , and text ure bu t va ry f rom 
3-9  pe r ce l l depend i ng on the ce l l s i ze .  
Photo 2 1 . Scapan i a  nemo rosa , o i l - bod i es 
of med i an l ea f  ce l l s a t  1 800 
lt 1 
Scapan i a  cu r t a  (Hort . ) Oum . 
Med i an l ea f  ce l l s  20-25 X 20- 30J,J , sphe r i ca l  to  ir regu l a r l y  shaped 
w i t hout  t r igones . 
O i l - bod ies of med ian l ea f  ce l l s  3-6 per ce l l ,  f rom 3 - 4  X 3-4µ up 
to 6- 7 X 1 0µ , co l o r l es s , sphe r i ca l  to ovo id to i r regu l a r l y  sausage 
s haped , coa rse l y  pap i l l ose , l a rge l y  f i l l in g  and  random l y  a r ra nged 
w i th i n  the ce l l  l umen . 
O i l - bod ies of t he ou te r s tem ce l l s  s im i l a r  to the o i l - bo d ies of 
t he med i an l eaf  ce l l s  in s ize , shape , texture , co l o r , but a bout  tw i ce 
a s  many per ce 11 ( 1 0- 1 2 ) . 
Scapa n i a  cur ta , o i l - bod ies  of 
med ian l ea f  ce l l s  at 1800X . 
Pore l l a  p l atyphyl l a (L.) L i nd b . 
I Med ian l eaf  ce l l s  25-28� ,  many-s ided to ir regu l a r l y  s haped 
w it h  t r igones . 
O i l - bod ies of med ian l eaf  ce l l s  1 1 -25  pe r ce l l  f rom 1 -2 X 1 -2� 
up to 1 -2 X 3-4µ , co l o r l es s , sphe r ica l to d isc  o r  l ens s haped , smooth , 
sma l l ,  l a rge l y  f i l l ing  and  ran dom l y a r ranged w it h in the c e l l l umen . 
O i l - bod ies in the ou te r s tem ce l l s  t he s ame as the o i l - bod ies 
of t he med ian l ea f  ce l l s  in s ize , s hape , co l o r ,  text ure , and n umbe r 
pe r ce l l  
Photo 23 . Pere l l a  p l a typhy l l a ,  o i l - bod ies 
of med ian l eaf  ce l l s a t  1 800X 
Po re l l a  p l a typhyl l o i dea (L. ) L i nd b .  
Med i an l eaf  ce l l s  1 5-25� ,  somewhat i r regu l a r l y  s haped t o  spher i ­
ca l w i th  t r i gones . 
O i l - bod i es  of med i an l eaf  ce l l s  1 4- 3 5  pe r ce l l .  1 . 5-2  X 1 . 5-2µ 
up to 1 . 5-2 X 5µ . co l o r l es s . s phe r i ca l  to d i s c o r  l ens  shaped . smoot h .  
sma l l ,  l a rge l y  f i l l i ng and ran dom l y  a r ranged w i t h i n the ce l l l umen . 
O i l - bod i es of the out er  s tem ce l l s  s i m i l a r  to the o i l - bod i es of 
t he med i an l ea f  ce l l s  i n  s i ze ,  s hape , co l o r ,  textu re and numbe r pe r 
ce l l .  
Photo 24 . Pore l l a  p l a typhy l l o i dea , o i l -bod ie 
of med i an l eaf  ce l l s at 720 X. --
Photo 25 . Po re l l a  pl a typhy l l o i dea , o i l - bod ies 
of med ian l ea f  ce l l s  a t  1 800X . 
F ru l l an ia a sagr aya na Mon t . 
Med ian l ea f  ce l l s  9-11 X 1 8-20p ,  somewha t irregu l a r l y  shaped 
w i t h  t r i gones . 
O i l - bod ies of med ia n  l ea f  ce l l s  2-4  pe r ce l l ,  f rom 1 . 5-2  X 2� 
u p  to 2 . 5- 3  X 4µ , co l o r l ess , sphe r ica l to  ovo id , l ight l y  pap i l l ose , 
somewha t  inconsp icuous , random l y  a r ranged w i t h in t he ce l l l umen . 
O i l - bod i es i n  the oute r s tem ce l l s  s im i l a r  to the o i l - bod ies 
of med ian l ea f  ce l l s  in s iz e , shape , co l or , textu re a nd numbe r per  
ce l l .  
P hoto 26 . F ru l l an ia asag rayana , o i l -bod ies 
of med ian l eaf  ce l l s  at 1 800X 
(note pa racys t s ) . 
Fru l l an i a  i nf l ata  Got t . 
Med ian l eaf  ce l l s  2 5- 30u , somewha t  i r regu l a r l y  sha ped , w ithout 
d is t inct t r igones . 
O i l - bod ies of med i an l eaf  ce l l s  3-5  pe r  ce l l ,  f rom 3 . 5-4  X 4u 
up to 4- 5 X 8- l Ou ,  l ight  b rown , f rom sphe r ica l to  ovo i d  w i t h  a few 
sausage shaped , s t rong l y  pap i l l ose , scat tered t h roughout t he ce l l 
l umen .  
O i l -bod ies i n  the ou te r s tem ce l l 3 -4  pe r ce l l ,  sma l l e r ( 2 . 5-3  
X 3µ ) , rang ing f rom s phe r ica l ,  pap i l l ose a n d  sma l l to segmen t ed , 
a ppea r ing i n  c l umps of 3-4  o r  even in cha i ns 4-6 s egmen t s  l ong . 
F ru l l an i a  i nf l at a , o i l - bod i es 
med i an l eaf  ce l l s  at 1 800X . 
f ru 1 1 an i a  r i pa r i a  Hampe 
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Med ian l eaf  ce l l s  18-20 X 30- 35µ , i r regu l a r l y  s haped w i t h  i r reg­
u l a r  t r igones . 
O i l - bod i es of med i an l ea f  ce l l s  3-4  pe r ce l l ( a s  h ig h  a s  5-6) , 
f rom 3 . 5-4µ sphe res up  to 4 . 5-5  X 9- 1 0� ,  co l o r l ess , ir regu l a r l y  s pher i ­
ca l to ovo i d ,  pap i l l ose  o r  g ranu l a r ,  random l y  a r ra nged w i t h i n  t he ce l l 
l umen .  
O i l - bod i es of the ou te r s tem ce l l s  t he same as  the o i l - bod ies of 
t he med i an l ea f  ce l l s  except  tha t they a re sma l l e r ,  f rom 2� s phe res up 
to 3 - 5µ . 
Photo 28� F r u l l an ia r ipa r ia ,  o i l -bod i es 
of med i an l eaf  ce l l s a t  1800X .  
F ru l l an i a  ebo racen s i s  Got t .  
48 
Med ian l eaf  ce l l s  25-30� ,  ir regu l a r l y  s haped w i t h  sma l l t r igones . 
O i l - bod ies of med ian l eaf  ce l l s  2 - 5  pe r ce l l ,  f rom 2 . 5- 3  X 31.1 up  
to 3 . 5-4  X 9- 1 0µ ,  co l o r l es s , sphe r ica l to  ovo id and  a t  t imes sausage 
s haped , ve ry pap i l l ose or g ra n u l a r ,  c l u stered toget he r in the cen ter  
of the ce l l .  I n  gene ra l , the fewe r t he o i l - bod ie s pe r ce l l ,  the l a rger  
t hey tend  to be . 
O i l - bod ies of the ou te r s tem ce l l s  very homogenous , sma l l er ( 2-3µ 
sphe res ) and  many mo re pe r ce l 1 ( 4- 1 8 ) . 
Photo 29 . F ru l l an ia ebo racen s i s ,  o i l -bod ies 
of med ian l ea f  ce l l s  a t  1 800X . 
49 
D I SCUSS I ON 
Cons i de r ing  the fact t hat  o i l - bod ie s  a re found in t he g rea t 
maj o r ity  of l eafy l ive rwo r t s , it seems s t range t ha t  there is l it t l e  
men t i on of t hem i n  many b ryop hy te and  hepa t ic desc r ipt ions  a n d  keys . 
Unt i l  recen t l y  in te res t has not been g reat enough to men t ion t hem a t  
� - I n  t he ea r l y  1 900 1 s  two l ead ing b ryo l og i s t s  Mue l l e r  ( 1 9 39) and  
Garj eanne ( 1 903 ) wrote some of  the  f i rst  des c r ipt i on s  of Eu ropean l iv e r ­
wor t  o i  1 -bod i es .  Except  fo r t hese re l a t ive l y  few works t he o i  1 -bod ies 
had been v ir tua l l y  i gnored in l ea fy l iverwo r t  desc r ipt ion s . Two of 
the more recen t resea rche rs who have pa id con s i derab l e  a t tent ion to 
t he o i l -body as  an  i mportant  pa rt  of l ive rwort  morpho l ogy a re R .  M . 
Schu ste r ( 1 954 , 1 966 , 1 969 , 1 974) a n d  S .  Hat to r i ( 1953 , 1 954) . Together  
and  separate l y  they pub l ished a l a rge numbe r of pape rs on the  mo rpho l ogy 
of No r t h  Ame r ican and Japanese o i l - bod i es .  
I n  t h is s t udy the  n umbe r of o i l - bod i es pe r ce l l of the l iv e rwo rt s  
examined range from a s  few a s  2-4 per  ce l l  i n  the Fru l l an i aceae to  
a s  many as 1 4- 35 in  the Pore l l aceae . B l epha ros toma t r ichophy l l um 
exh ib ited t he l a rges t ind i v i dua l range f rom a s  few a s  two o i l - bod ies 
in some ce l l s  to as many as twen ty-f ive in othe r ce l l s .  I n  mos t  cases 
t he s i ze of the ce l l is p ropo r t i onate  to t he n umbe r of o i l - bod i e s  in 
the ce l l but  not i n  eve ry ins tance . One except i on i s  Pe re l l a  p l a typhy l l a  
and  Pore l l a  p l a typhy l l o i dea . Each has med i an l eaf  ce l l s  of app rox i ma te l y  
t he same s ize, but .!:· p l a typhy l l o idea has a n  ave rage of 1 0- 1 5  more o i l ­
bod i es pe r ce l l  t han P .  p l a typhy l l a .  
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The s ize of ind iv idua l o i l - bod ies range f rom the very m inute and 
inconsp icuous 1� sphe r ica l o i l - bod ies of B l epha ros toma t r ichophy l l um 
to t he 1 6-20).J ovo id "mon s ters" of P l ectoco l ea c ren u l iform is . I t  appea rs 
t hat  in mos·t cases t he s ize of t he o i l - bod ies is not p roport ionate to 
t he s ize of t he ce l l .  I t i s  not unusua l to obse rve very l a rge  ce l l s  
con ta in i ng many sma l l o i l - bod ies i n  one l ive rwo rt  and  a l so obse rve 
anot he r spec ies with  s im i l a r  s ize ce l l s con ta in in g  fewe r l a rg e r  o i l ­
bod i es .  I t  i s  a l so j us t  as common to f ind  a w ide va r iety of s izes of 
o i l - bod ies in one ce l l of  one l ive rwor t  such  as in Lep idoz ia reptans .  
Most  o i l -bod i es a re co l o r l ess . Some except ions  to th is obse rved 
i n  t h is s t udy a re Lep i doz i a  reptans , pa l e  g rey ; Lophoco l ea mino r , redd i s h­
b rown ; Lophoco l ea b i dentata , b rown ; J u nge rmann ia l anceo l a t a , l ight  b rown ; 
Scapan i a  nemo rosa , l ight  b rown ; F ru l l an ia asag rayana , l i g h t  b rown ; 
T r icho l ea tomente l l a and  Bazza n i a  t r i l obata , somewhat sh iny . 
The mos t  i mpo rtan t d i agnos t ic cha racte r i s t ic of o i l - bod ies i s  
t he i r shape . O i l - body s hapes found  in th i s  s t udy a re spher ica l ,  ovo id , 
sausage shaped , l ens shaped , o r  i r regu l a r l y  shaped . I t  is not uncommon 
to f i nd th ree o r  more o i l - bod ies of d ive rse shapes in one ce l l .  
Textu re of t he o i l - body i s  p roba b l y  t he second mos t impo r t a n t  
cha rac te r i s t ic wh i ch makes ind iv idua l o i l - bod ies d ist inc t ive . The 
text u res  obse rved i n  t h is s t udy a re smoot h ,  f ine l y  to coa rse l y  pap i l ­
l ose and  1 - 3  rows of segmen ta t ions . I t  is a l so not uncommon to  f ind 
a va r i ety of textu red o i l - bod ies i n  one ce l l .  
I n  mos t of t he ce l l s  obse rved the o i l -bod ies a re random l y  a r ranged 
i n  t he ce l l l umen . However , in t he cases of Ca l ypoge ia mue l l e r iana , 
Lophoco l ea m ino r , Jungermann ia l anceo lata an d Scapan ia nemo rosa  the  
o i l - bod ies def i n i te l y tend to  be g rouped a round the pe r i me t e r  of t he 
of t he ce l l i n  c l os e  p rox i m i ty to t he ce l l wa l l .  A l so F r u l l an i a  
asag rayana typ i ca l l y  exh i b i t s a s i ng l e  c l us te r  of o i l -bod i es i n  the 
cen te r of t he cel l .  
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By ana l yz i ng t he i nfo rmat i on i n  Tab l e  1 some s t a temen t s  may be 
made conce rn i ng t he taxonom i c  s i gn i f i cance of the o i l -bod i e s  of the 
l eafy  l i ve rworts  s t ud i ed he re . I n  some cases var i at i on i n  o i l - body 
morpho l ogy i s  so g reat w i th i n  a fam i l y  or  even a genus t ha t  no  na tura l 
taxonom i c s i gn i f i cance can be a s s i gned . On  the  othe r  han d , some fam i l i es  
may be cons i de red to be ve ry natu ra l g roups  by the cons i s tency of  t he i r 
o i l - body c ha racte r i s t i cs .  Howeve r ,  i n  t he cases whe re o i l - body mor­
pho l ogy w i t h i n  a fam i l y  o r  genus  va r i es g rea t l y ,  o i l -bod i es can  pos s i b l y  
be used w i t h  a good dea l o f  s uccess  to sepa rate gene ra o r  spec i es .  
Bot h gene ra exam i ned i n  the P t i l i d i aceae have o i l -bod i es t ha t  
a re s i m i l a r i n  s i ze ,  n umbe r pe r ce l l and  textu re . Howeve r ,  t he o i l ­
bod i es of  B l epha ros toma a re co l o r l ess , a t  t i mes segmented , and  random l y 
a r ranged , whe reas T r i choco l ea ha s def i n i te l y  s h i ny o i l -bod i es t ha t  a re 
neve r segmen ted and  tend  to  g roup at  t he ends of the f i l amen t - l i ke ce l l s .  
Both  gene ra desc r i bed i n  t he fam i l y  Lep i doz i aceae exh i b i t  s i m i l a r l y  
shaped , textu red , co l ored and  a r ranged o i l - bod i es .  Lep i doz i a  reptans 
has o i l - bod i es that  a re a bout tw i ce a s  many pe r ce l l and s l i ght l y  l a rger  
t han t he o i l -bod i es of Bazzan i a  t r i l obata . W i th  j us t  these m i no r d i ffe r­
ences i t  seems that  i n  t h i s  fam i l y  t he o i l - bod i e s  show some i nd i ca t i on 
of be i ng a usefu l taxonom i c c r i te r i on .  
The two spec i es exam i ned i n  t he fam i l y  Ca l ypoge i aceae s ha re bas i ­
ca l l y  a l l t he same characte r i s t i cs .  Ca l ypoge i a  mue l l e r i ana  shows s l i ght l y  
more o i l -bod i es pe r ce l l ,  more we l l -def i ne d  segmentat i on s  i n  the  o i l -bod i es 
and  a def i n i te g roup i ng of the o i l - bod i es c l ose to t he ce l l  wa l l s ,  a s  
TABlE-1 SU�Y OF IWORTANT OIL -BODY CHMA ClERISTICS 
B l e p h a r o s t orna t r i ch ophy l l um 
P t i l i d i a c e a e  . Tr i ch o l e a  t orne n t e l l a  
Loph o c o l e a h e t er ophy l l a 
H a r p an th a c e a e  L
opho c o  l e a m i no r 
Loph o c o l e a  b i d e n t a t a  
Junge rmann i a c e a e  
Jung e rrnann i a  l a n c e o l a t a  
Jarne s on i e l l a a u t umna l i s  
P l e c t o c o l e a  c re n u l a t a 
P l e c t o c o l e a  c renu l i f orrni s 
. h . 1 1 
I P l ag i o ch i l a  a s p l e n io i d e s  
P l ag i o c  i a c e a e-----i · 
D i p l ophy l l um a p i c u l a t urn 
S c apani a c e a e  S c a p a n�a nemo r o s a 
S c ap an i a c ur t a 
I P ore l l a p l a t y p h y l l a  
P o r e l l a c e a e � Po rc l l a p l a t yph y l l o i d e a  
F ru l l an i a c e ae 
F r u l l an i a  a s a g r a y a n a  
Fr u l l a n i a i n f l a t a 
F ru l l a n i a  r i p a r 1 a  
F ru l l a n i a  e b o r a c en s i s  
2 - 6  ( 2 S ) 
4 - 8  (l o )  
1 0 - 2 S  ( 7 - 2 S )  
3 - 8  
6 - 1 3  
4- 8 
4 - 7  
6 - 8  ( 1 4 - 1 7 )  
1 0 - 1 8  ( 4 )  
S - 1 0  ( l S )  
8 - 1 8  
2 - 6  
2 - 8 
4- 6 
8- 1 0  
3 - 6  
3 - 6  
l l - 2 S  
1 4 - 3 S  
3 - S  
2 - 4  
3 - 4  ( 5- 6 ) 
2 - S  
"-
"-
Q.; 
{' 0 
� 0 -<::) 
....!. 
"  
0 
l u  X lJJ --
2 - 3  x 2 - 3w 
3 .  S -4 X Su-
3-4 x 3-4µ-
2 . S - 3  x Su·  
2 . S - 3  x 4JJ ·  
2 . S - 3  x 3u . 
3 - 4  x 41J -• .  
3 - 3 . s x 3µ.. 
5 . S - 6  X 6 u ·  
2 - 4  x S-81- r  
3 . 5 - 4  x 4µ 
6 - 8  x 6 - 9 µ  
4- S X 4 - 5 u  
3-4 x 3-4u 
3 . S - 4  x 4 JJ  
3-4  x 3 -4µ 
1 - 2  x l - 2u 
l . S - 2  X 2 u  
3 . 5 -4 x 4u 
1 .  5 - 2 x 2 JJ  
3 . 5 - 4  x 4)..! 
2 . 5 - 3  x 3 11 
5 2  
J; 
!/;;/ 
"' 
<§ ,§' $ � � OJ 0 l:::°' � 0 � ..,,..,, ....... � "' �'ti ....... 8 � ,} "' 
- 2 - 2 . 5  x 3 - 3 . 5u c o l o r l e s s  0 0 � l-pap . ----3-4 s e g . 1 r andom 
-3-4 x 6 u  sh iny 0 0  1 - p a p . x end s 
-- 6- 7 x 1 0- l l u grey 0 0 tff9 srnoo th- ---3 -4 s e g . x r andom 
-- 4- 5 x 6 u  sh iny 0 0  CJ s rno o th---- s e g . 1 r andom 
__ 2- 5 x l l .u c o l o r l e s s  ®lJ> 3-5 ( 8 - 1 5 ) s e g . 2 cw 
_ 3-4 x 7- 8u c o lor l e s s  CllrO 1 - s e g . 2 r andom 
,-- · 
·-- 3 . 5 - 4  x 7 - 8.u c o l or l e s s  0 0  r-p ap . x r andom 
-- 3-4 x Su r e d-brown 0 0  1 -pap . x cw 
-- 4 . 5- 5 X l Ou brown 0 0  c:::> pap . x r an d om 
5 . 5 - 6  x 1 0 - l l u t an 0 0  pap . x cw 
- 6 . 5 - 7  x 9 - l l u c o l or l e s s  0 0  1-pap . x r andom 
5 . 5 - 6  x 1 0µ c o l or l e s s  o o  1 -p ap . x r andom 
-- 8 - 9  x 1 6 - 2 0 µ  c o l or l e s s  0 0  1 -pap . x r andom 
- 4 . 5-5 X 8 - 8 . 5u c o l or l e s s  0 0  p ap . x r an d om 
3 - 4  x 6- 71J. c o l or l e s s  0 @ r-pap . ----1 - s e g . x random 
__ 6 - 7  x 1 0 - 1 2µ .  t an 0 0  r-pap . x cw 
__ 6 - 7  x l O u c o l or l e s s  0 0  r-pap . x r andom 
1 - 2  x 3 -4µ c o l or l e s s  d i s c  smo o th x random 
1 . 5 - 2  x 5µ c o l o r l e s s  d i s c  smo o th x r an d om 
4- 5  x 8- 1 0µ t an u o  <::::) r-pap . x r an dom 
2 . 5 - 3  x 4µ c o l or l e s s  0 0  1 - p a p . x random 
4 . 5 - 5  x 9 - l Ou c o l or l e s s  0 0  pap . x r and om 
·-- 3 . 5-4 x 9 - 1 0.u c o l o r l e s s  0 0  c:::> r - p a p . x random 
compa red to Ca l ypoge i a  f i ssa w i th  i ts random l y  a r ranged , s l i ght l y  
sma l l e r  and  l ess -def i ned segmented o i l - bod i es .  
53 
Th ree spec i es i n  the fam i l y  Ha rpan thaceae we re exam i ned . A l l 
th ree a re membe rs of t he genus  Lophoco l ea and a l l exh i b i t  ve ry s i m i l a r 
numbe rs pe r ce l l ,  s i ze ,  co l or ,  shape and textu re . Lophoco l ea b i den tata 
has a s l i gh t l y  d i f fe rent a r rangement of o i  1 -bod i es w i th i n  "the ce l 1 .  
The vas t  s i mi l a r it ies s hown by t he o i l -bod i es of  t hese t h ree s pec i es 
of Lophoco l ea s ugges t that reasona b l e  taxonom i c  s i gn i f i cance may be 
ass i gned to t he i r o i l - bod i es .  
Fou r d i f feren t  gene ra we re exam ined f rom t he fam i l y  J u n g e rmann i aceae . 
The on l y  o i l - body cha racte r is t ics t hese four have i n  common a re t he i r 
s hape and textu re .  Jungermann i a  l anceo l ata  has l igh t b rown o i l - bod i e s  
that a re a r ranged c l ose t o  the ce l l wa l l .  On the othe r hand , J ameson­
i e l l a  aut umna l is ,  P l ectoco l ea c renu l i fo rm i s  and P l ectoco l ea c ren u l a ta 
have co l o r l ess  o i l - bod i es t ha t  a re random l y  a r ranged w it h in t he ce l l .  
A l l fou r a l so s how s l i ght  var i a t i on s  i n  s i ze and  numbers . As men t i oned 
ea r l ie r t he two mos t  i mpo rtan t cha racte r i s t i cs t hat  make a n  i nd i v i dua l  
o i l - body d is t inct i ve a re shape and  textu re . Even t hough  these · fou r 
s pec ies have on l y  two characte r i s t i cs i n  common , t hey a re very re l evan t . 
I n  the fam i l y  Po re l l aceae , Po re l l a  p l atyphy l l a and Pore l l a  p l aty­
phy l l o i dea were exam i ned . Bot h had a l mos t  i dent i ca l  o i l -bod i es except 
fo r t he fact t ha t  a lmost tw i ce as many o i l -bod i e s  occur pe r ce l l  i n  P .  
p l atyphy l l o idea , a s pec i es wh i ch some b ryo l og i s t s  rega rd as  a va r i ety 
of f.· p l atyphy 1 1 a . 
I n  t he fam i l y  Scapan i aceae t hree genera were  exam i ned , two s pec i es 
of Scapa n i a  and the genus D i p lophy l l um .  Scapan i a  nemorosa a n d  Scapan i a  
c u r t a  s how very s i m i l a r  o i l - bod ie s excep t fo r a s l igh t  co l o r  d i ffe rence 
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and sma l l  va r i at i on i n  t he i r a r rangement . D i p l ophy l lum ap i cu l a tum 
tends to have d i ffe rent shaped o i l - bod i es t hat a r e  app rox i ma te l y  t he 
same s i ze but have a few more pe r ce l l .  
l n  t he F ru l l an i aceae four spec i es of  F ru l l an i a  we re found to  con­
ta i n  very s i m i l a r o i l - bod i es .  As i de f rom !.· asagrayana hav i ng l i ght  
b rown and somet i mes sausage shaped o i l - bod i es , !.· eboracens i s  hav i ng 
s i m i l a r l y  shaped , co l or l ess o i l - bod i es and f_. r i pa r i a  and !.· i nf l a ta  
hav i ng co l o r l e ss and on l y  s phe r i ca l  o r  ovo i d  o i l - bod i es ,  a l l t h ree 
exh i b i t rema rka b l e  s i m i l a r i t i es ,  espec i a l l y  i n  the i r  shape and texture . 
I t  i s  i n  th i s  fam i l y  that  t he g reatest con t i nu i ty can be fou n d  among 
i t s o i l -bod i es .  
S i nce on l y  one spec i es was exam i ne d  i n  the fam i l y  P l ectoco l eaceae 
l i t t l e  can be sa i d  about t he re l evance of cha racte r i st i cs i n  t h i s  fam i l y .  
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SUMMARY 
I n  the ea r l y  l itera t u re of the Hepa t i cae  o i l - body cha rac te r is t i cs 
we re ra re l y used for taxonom i c pu rposes o r  in mo rpho l og ica l des c r ip­
t i on s  of l i ve rwo rt s . Th i s  pape r desc r ibes a method fo r des c r ib ing  
o i l - bod i es of t he med i an l eaf  ce l l s  of  l eafy  l i verworts . W r it ten  
desc r i pt i ons  and photom ic rog raphs o f  t he o i l - bod ies of  twen ty- t h ree  
common eas t -cen t ra l I l l i no is l eafy l i ve rwo r t s  in  the fo l l ow ing  fam i l i es 
a re inc l uded : P t i l i d i aceae ( two s pec i es ) ,  Lep idoz iaceae ( two spec ies ) , 
Ca l ypoge iaceae ( two spec ies ) , Ha rpa n t haceae ( t h ree spec ies ) , J unger­
mann iaceae ( fou r spec ies ) , P l ag ioch i l aceae (one spec ies ) ,  Scapan iaceae 
( t h ree spec i es ) , Pore l l aceae ( two spec i es ) , and F ru l l a n i aceae ( fou r 
s pec i es ) . 
The d i agnos t i c  characte r i s t ics reco rded for each spec i es we re 
t he n umbe r of  o i l - bod i es pe r ce l l ,  s ize range  of the o i l - bod ies , co lor , 
shape , tex t u re , n umbe r of  rows o f  segmenta t i ons , i f  segmen tat i on s  a re 
p resen t ,  and  a r rangement of o i l - bod ies w i t h in the ce l l .  
I t  was found  that t he fam i l ies Lep idoz i aceae , Ca l ypoge i aceae , 
J unge rman n iaceae , Scapan iaceae , Pore l l aceae and F ru l l an iaceae , a re 
composed of gene ra and spec ies t hat  s how homogeneous o i l -body c ha rac­
t e r is t i cs .  The Pt i l id i aceae conta in two spec ies w i t h o i l -bod i es of 
d iffe ren t shapes , co l o rs and  numbers  pe r ce l l .  I n  the fam i l y  Ha rpanth­
a c e a e  i t  wa s found that  co l o rs va ry among t he th ree spec ies obse rved 
a l on g  w i th  w i de l y  va ry i ng tex t u re s . On l y  one spec ies f rom the fam i l y  
P l a g i o c h i l a ceae was s tud ied . 
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Because o i l - bod i es a re ea sy to f i nd i n  f res h  ma te r i a l  and con­
ta i n  seve ra l d i s t i ngu i s h i ng cha racte r i s t i cs ,  t he i r morpho l og i ca l  
desc r i pt i ons  can a i d  taxonom i s t s  and  p hy l ogenet i c i s t s  i n  the system­
at i c  a r rangement s  of l eafy l i ve rwo r t s  and  i n  the con s t ruc t i on of keys 
for the i r i dent i f i cat i on .  I t  i s  the op i n i o� of t h i s  authrir t hat . 
fu rther  desc r i p t i ve and taxonom i c  wo rk  and  mo rpho l og i ca l  s t u d i es 
of t he l eafy hepat i cs s hou l d  i nc l ude deta i l ed  o i l - body desc r i pt i on s . 
O i l - bod i es a re much too un i que a s t ruct u re to be i gno red . 
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